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ABSTRACT 

Sockeye salmon (0ncorhynchus nerka)  f r y  were f e d  o x y t e t r a c y c l  i ne (OTC) 
medicated food  t o  q u a n t i f y  t h e  uptake and subsequent r e t e n t i o n  o f  a n t i -  
b i o t i c  through t h e  smol t  stage. Our o b j e c t i v e  was t o  eva lua te  t h e  use o f  
OTC as an i n t e r n a l  mark o r  tag.  The w i d e l y  p r a c t i c e d  technique f o r  
qua1 i t a t i v e l y  i d e n t i f y i n g  OTC-fed f i s h  under u l t r a v i o l e t  (UV)  1  i g h t  i s  
eva lua ted  based on our  q u a n t i t a t i v e  f l u o r o m e t r i c  analyses o f  bo th  t o t a l  
body burden and r e s i d u a l i z e d  OTC. 

An OTC mark was de tec ted  i n  100% o f  t e s t  f r y  f o l l o w i n g  29 days o f  feeding 
w i t h  OTC. The mean l e n g t h  and we igh t  o f  f ry  a t  t h i s  t ime  was 33 mm and 
0.40 g. A d d i t i o n a l  feed ing  w i t h  OTC r e s u l t e d  i n  inc reased  l e v e l s  of bo th  
t o t a l  body burden and r e s i d u a l i z e d  OTC, w h i l e  c o n t r o l  f i s h  demonstrated 
n e i t h e r  a  f l u o r e s c e n t  mark, n o r  any change i n  f luo rescence  d u r i n g  t h e  s tudy  
p e r i  od . 
A f t e r  t h e  d i s c o n t i n u a t i o n  o f  medicated food, exper imenta l  f r y  were found 
t o  r e t a i n  a  r e s i d u a l i z e d  mark i n t o  t h e  smol t  stage. The r e s i d u a l i z e d  mark 
s t a b i l i z e d  a t  0.64 pg OTC/fry i n  f i s h  f e d  medicated food  f o r  40 consecu t i ve  
days (average we igh t  o f  1.0 g ) ,  and a t  2.6 pg OTC/fry i n  f i s h  f e d  f o r  61 
consecu t i ve  days (average we igh t  o f  1.0 g ) .  Thus, we were a b l e  t o  d i f f e r -  
e n t i a t e  between w i l d  f r y  and OTC-fed ha tchery  fry. More impo r tan t l y ,  t h e  
a b i l i t y  t o  q u a n t i f y  OTC a l lowed us t o  d i f f e r e n t i a t e  between sub lo t s  o f  
ha tchery  f r y  by genera t ing  d i f f e r e n t  l e v e l s  o f  r e s i d u a l  OTC mere ly  by 
a1 t e r i n g  f eed ing  regimes. 



INTRODUCTION 

Returns o f  P a c i f i c  salmon (~ncorh~nchus  spp. ) throughout  t h e  P a c i f i c  
Northwest have been reduced by o v e r f i s h i n g ,  c o n s t r u c t i o n  o f  dams, and t h e  
degrada t ion  o f  spawning and r e a r i n g  h a b i t a t s  (Hankin, 1982). I n  many areas, 
t he re fo re ,  ha t che r i es  have been cons t ruc ted  t o  a r t i f i c i a l l y  enhance salmon 
f i s h e r i e s .  A l though ha tchery  p roduc t i on  compensates f o r  some d e p l e t i o n  of 
t h e  resource, i t  has been w ide l y  f ea red  t h a t  ha tchery  p roduc t i on  i t s e l f  may 
l e a d  t o  dec l i nes  i n  r e t u r n s  o f  w i l d  f i s h .  Hankin (1982) c i t e s  two mechanisms 
whereby t h i s  m igh t  occur.  F i r s t ,  i n t e r b r e e d i n g  o f  w i l d  and ha tchery  s tocks  
cou ld  reduce t h e  gene t i c  f i t n e s s  o f  t h e  t o t a l  popu la t ion .  Second, enhanced 
egg- to-smol t  s u r v i v a l  o f  ha tchery  f i s h ,  and t h e  subsequent inc reased  
numbers o f  r e t u r n i n g  a d u l t s  may enable ha tchery  s tocks  t o  w i t hs tand  g r e a t e r  
ha rves t  pressures than  n a t u r a l  s tocks.  Increased r e l i a n c e  on ha tchery  
s tocks  m igh t  i n  t u r n  promote f i s h e r y  ha rves t  r a t e s  t h a t  exceed sus ta i nab le  
l i m i t s  f o r  w i l d  s tocks,  thus l e a d i n g  t o  f u r t h e r  dec l i nes  i n  abundance. 
Assessments o f  t h e  s u r v i v a l  r a t e  f r om egg-to-smolt ,  and accura te  d i s c r i m i -  
a t i o n s  between ha tchery  and w i l d  s tocks  a r e  t h e r e f o r e  needed i n  o r d e r  t o  
eva lua te  t h e  o v e r a l l  e f f i c a c y  o f  ha tchery  programs. 

Many ha t che r i es  c u r r e n t l y  mark (30-mm f ry  w i t h  adipose ( o r  o t h e r )  f i n  c l i p s ,  
and/or coded m ic row i re  tags.  Several  f a c t o r s  render  t h e  above methods 
undes i rab le :  1  ) t h e  regene ra t i on  o f  adipose f i n s  i s  suspected, b u t  t h e  
na tu re  and r a t e  o f  f i n  r egene ra t i on  i s  a t  p resen t  unknown; 2 ) r e c o g n i t i o n  
o f  ha tchery  f i n - c l i p p e d  f r y  i s  compl icated by n a t u r a l  f i n  l oss ,  3 ) o n l y  
l i m i t e d  numbers o f  f i s h  can be marked because o f  hand l i ng  cos ts ;  and 4)  
inc reased  s t r e s s  on f r y  f rom displacement,  hand l ing ,  and m u t i l a t i o n  d u r i n g  
f i n  c l i p p i n g  r e s u l t s  i n  a  c e r t a i n ,  b u t  as y e t  unknown, amount o f  d i f f e r -  
e n t i a l  m o r t a l i t y .  

Several  au thors  have i n v e s t i g a t e d  t h e  use o f  t h e  a n t i b i o t i c  o x y t e t r a c y c l i n e  
(OTC) as a means of marking salmon (Weber and Ridgeway, 1962, 1967; Weber 
and Wahle, 1969; Odense and Logan, 1974; W i l t z i u s ,  1980; Koenings and L ip ton ,  
1983). The advantages o f  t e t r a c y c l i n e  marking 1 i e  i n  t h e  poss i  b i l  i ty  o f  
i nexpens i ve l y  mark ing l a r g e  groups of r e a r i n g  f i s h  by feeding them OTC- 
medicated food, w h i l e  a t  t h e  same t ime  a l l e v i a t i n g  t h e  phys i ca l  m u t i l a t i o n  
and m o r t a l i t i e s  assoc ia ted  w i t h  f i n - c l i p p i n g  and coded m ic row i re  tagg ing ,  
Methods of d e t e c t i n g  an OTC-posi t ive mark, t o  date, have concent ra ted  
p r i m a r i l y  on t h e  i d e n t i f i c a t i o n  under u l t r a v i o l e t  (UV) 1 i g h t  of f l u o r e s c i n g  
OTC-calcium complexes i nco rpo ra ted  i n  t h e  ske le tons  of f i s h  t h a t  were f e d  
OTC-medicated food. For example, Weber and Ridgeway (1962, 1967) and 
Weber and Wahle (1  969) successfu l  l y  marked l a r g e  groups of hatchery- reared 
sockeye salmon (0. nerka) f i n g e r l  i ngs by feed ing  them o x y t e t r a c y c l  i ne 
hyd roch lo r i de  ( 2  g/kg body we igh t )  f o r  3.5 consecut ive days. A1 though 
f i n g e r l i n g s ,  as used i n  t h e  above s tud ies ,  a r e  capable o f  r a p i d l y  i n c o r -  
p o r a t i n g  f a r  l a r g e r  concen t ra t ions  of  OTC i n  t h e i r  ske le ton  because o f  a  
l a r g e r  p r o p o r t i o n  o f  c a l c i f i e d  bone ( t h e  s i t e  s f  OTC r e s i d u a l  i z a t i o n )  ; 
t h e  f e a s i b i l i t y  of OTC-retent ion i n  Alaska ha tchery  sockeye salmon f ry  
which a r e  cons iderab ly  sma l l e r  i s  unknown. W i  1  t z i u s  (1980) r epo r ted  t h e  
successfu l  marking of  hatchery- reared kokanee by feeding f r y  ( a t  an i n i t i a l  
we igh t  o f  0.11 gm) OTC-medicated food  (TM-50) f o r  7-11 days. Once again,  
marked f i s h  were i d e n t i f i e d  under UV l i g h t .  These fry, however, had been 



fed a medicated d i e t  equivalent t o  13.3 g OTCJkg feed, approximately three  
times the  standard hatchery dosage prescribed fo r  feed mixtures by the 
U. S.  Food and Drug Administration. 

Therefore, the objective of our study was to  quant i ta t ively  examine the  
uptake and retention of OTC fed t o  hatchery-reared sockeye salmon f r y  in a 
standard medicated d i e t  equivalent t o  4.4 g OTC/kg feed. To our  knowledge, 
t h i s  i s  the f i r s t  study t o  be undertaken which uses a quant i ta t ive  method 
to  evaluate the use of the  an t i b io t i c  oxytetracycline as an in ternal  mark. 

METHODS 

Study S i t e  Descri p t i  on 

The sockeye salmon used in t h i s  study were taken from the Bear Creek stock 
of Tustumena Lake. Tustumena Lake i s  a large (29,449 ha) ,  g lac ia l ly -  
influenced lake located on the  Kenai Peninsula in southcentral Alaska 
(Figure 1 ) .  Eggs were taken in August 1981, incubated, and the  resul t ing 
f r y  reared a t  the Crooked Creek Hatchery near Kasilof, Alaska. 

Experimental Fry 

After emerging in  the  spring of 1982, f i sh  were fed a d i e t  of Oregon Moist 
Pe l le t  (OMP) mash. In ear ly  June, approximately 5,000 f i sh  were separated 
fo r  study and placed in troughs in the Crooked Creek Hatchery. Fish 
began receiving OTC-medicated food on 3 June 1982. The medication used 
was Pf izer  TM-50 (25 pg OTCJ0.2 mg TM-50), which was premixed with OMP 
a t  a r a t e  of 4.5%--the highest production feeding r a t e  prescribed by the 
U. S.  Food and Drug Administration. On 13 July ,  40 days a f t e r  OTC- 
feeding had begun, a subgroup ( A ) ,  was separated and placed on a d i e t  of 
non-medicated OMP in order t o  examine the  loss  of OTC.  On 3 August, a f t e r  
61 days of OTC-feeding, the remaining f i sh  (subgroup B )  were taken off  of 
the medication in order t o  compare the in tens i ty  and retention of the  OTC 
mark in the two groups. On 8 August, a l l  f i sh  were transported t o  the  
U. S.  Fish and Wildlife Service lab in Anchorage, where they were placed 
i n  c i r cu l a r  tanks f o r  rearing t o  smolts. 

Control f i sh  i n  t h i s  study a re  defined as  natural sockeye f r y  w i t h  no 
previ0u.s exposure t o  OTC.  These f i s h  were used t o  demonstrate the  natural 
background f l  uorescence of growing sockeye f ry .  We used control f i sh  from 
Quartz Creek, a glacially-influenced stream tha t  flows in to  the  Kenai River 
approximately 160 km northeast of Kasilof. This was a des i rable  location 
from which t o  obtain control f r y  because the glacial  ly- inf l  uenced water 
closely resembles t ha t  of Tustumena Lake, and the presence of a weir on the  
stream provided a source of sockeye f r y  throughout the study period. 

Sampling Techniques 

Test f r y  were periodically sub-sampled from the  Crooked Creek Hatchery 
f o r  laboratory analysis .  In order to  get  a representative cross-section 
of the  t o t a l  population, the par t  of the  trough out of which the f i sh  were 



Figure 1. Location of Bear Creek i n  r e la t ion  t o  Tustumena Lake 
and the  S ta te  o f  Alaska Crooked Creek Hatchery. 



sampled was constantly varied. Sampled f ish were placed in plast ic  bags 
and transported fresh t o  the ADF&G limnology lab in Soldotna, Alaska for  
analysis. 

Analysis of Fry Samples 

Samples were analysed using the fluorometric technique of Koenings and 
Lipton (1983) a t  the ADF&G limnology lab in Soldotna, Alaska. The detec- 
tion of residualized OTC was also performed using the technique of visual 
observation under ul t raviolet  ( U V )  1 ight. Skeletons were dissected from 
fresh samples of t e s t  f ry  from Crooked Creek Hatchery and non-medicated 
control fry from quartz Creek, briefly rinsed with deionized water, and 
placed under a Black-Ray 115 volt U V  l i gh t .  B o t h  the exterior and cross 
sections of the skeleton were examined using a dissecting microscope in a 
dark room for  evidence of fluorescent spots or rings. Fry exhibiting 
fluorescent spots or  rings were called OTC-positive. 

RESULTS 

Storage of Fry Samples 

I n i t i a l l y ,  f ry samples were stored frozen until analyzed, as suggested by 
Gill iam and Argauer (1975) and Wiltzius (1980). Two effects  were observed, 
however, tha t  led to  a reappraisal of th i s  method of storage. The f i r s t  
e f fec t  was an increase in fluorescence values recovered on successive days 
of analysis from fry that  were on medicated food a t  the time of sampling 
(Figure 2 ) .  This increase was caused by cell  ular rupture during freezing 
which allowed OTC t o  leak o u t  of the g u t  into the flesh of the f ry  upon 
thawing. The effects  of OTC leakage were found t o  be so pronounced that  
large increases were observed in values obtained between assay groups 
analyzed on the same day. That i s ,  f ish analyzed in the second assay 
group yielded fluorescence values 1.4 to 1.8 times higher than f i sh  
analyzed on the f i r s t  assay (Table 1 ) .  In addition, mean fluorescence 
values from the second assay group consistently exceeded 95% confidence 
intervals computed for the f i r s t  assay group. This indicated that  the 
second group of f ry  during thawing were allowed to s i t  for  a longer period 
before analysis, and hence OTC leaked t h r o u g h  ruptured stomach ce l l s  into 
the flesh of the fry.  The leakage of OTC was subsequently avoided by 
excising the digestive t r a c t  from a l l  f ish while they were s t i l l  fresh. 
This also reduced the potential interference from naturally occurrina 
fluorescent compounds primarily present in f a t  deposits akund the siornach 
(Kohn, 1961 ) . 
Following adoption of the above procedure, i t  was found that  the amount of 
OTC recovered from t e s t  f ry  was inversely related t o  the number of freeze/ 
t h a w  cycles (Figure 3 ) .  Sta t i s t i ca l  analysis of the data (one-way analysis 
of vaiance for  p<0.05) showed a positive correlation between freezing and 
the loss or degradation of OTC. Thus, the use of freezing alone as a 
method of preserving fry samples was shown to be ineffective as i t  resulted 
in variable recoveries of OTC. However, because fry samples taken in the 
f i e ld  had to  be stored prior t o  laboratory analysis, the variable effects  
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Figure 2. The increase in fluorescence found t o  occur 
within the same sublot  of oxytetracycline- 
fed f ry  (with stomachs) stored i n  deionized 
water a f t e r  three successive freeze/thaw 
cycles. 



Table 1 .  Fluorescence values fo r  assay groups of Crooked Creek Hatchery f r y  
consecutively analyzed showing t ha t  mean fluorescence values of 
the second assay group f ry  tend t o  be outside the upper l imi t s  of 
the confidence in tervals  (95%) computed f o r  group one f ry .  

Date of Fluorescence Confidence 
Assay analysi s Sampl e in tens i ty  Standard interval  
group (1 982) s i ze  [mean ( d l  deviation (95%) 

1 2 July 6 1.26 
2 6 1.92 

1 6 July 10 1.65 
2 10 2.23 

1 7 July 6 2.39 
2 6 4.41 
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Figure 3. The decrease i n  fluorescence found 
to  occur within the same sublot 
of oxytetracvcline fed f ry  (stomachs 
removed) stored in deionized water 
a f t e r  three successive freeze/thaw 
cycl es . 



o f  f r e e z i n g  on OTC made s e l e c t i o n  o f  a  s u i t a b l e  method o f  s t o r i n g  f r y  a 
neces s  i t y  . 
Argauer and G i  11 iam (1974),  and Ibsen e t  a l .  (1962) r epo r ted  t h a t  OTC was 
s t a b l e  when s t o r e d  i n  s o l u t i o n  w i t h  t r i c h l o r o a c e t i c  a c i d  (TCA). We the re -  
f o r e  compared f o u r  methods o f  s t o r i n g  f ry  i n  5% TCA (stomachs exc ised  p r i o r  
t o  s to rage) :  (1 )  r e f r i g e r a t i n g  whole fry, (2 )  f r e e z i n g  whole fry, (3 )  
r e f r i g e r a t i n g  homogenized fry, and ( 4 )  f r e e z i n g  homogenized fry (F igu re  4 ) .  
Analyses o f  va r i ance  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
(p>0.05) i n  f luo rescence  values over  t ime  f o r  any o f  t h e  methods, except  
r e f r i g e r a t i n g  homogenized f r y  i n  5% TCA. However, even i n  t h i s  case, t h e  
absence o f  any d i sce rnab l  e  t r e n d  ( e i t h e r  i nc reas ing  o r  decreas ing)  i n d i c a t e s  
t h a t  t h e  i n c o n s i s t e n t  va lue  recovered on 8  September was a  r e s u l t  o f  
exper imenta l  e r r o r .  

The h ighes t  r ecove r i es  were ob ta ined  by f r e e z i n g  homogenized fry. The mean 
amount o f  OTC recovered f rom t e s t  f r y  us i ng  t h i s  method was 5.6 ~g  OTC 
whi l e  4.5 pg OTC was recovered f r om r e f r i g e r a t e d  homogenized fry, 4.0 pg 
OTC f rom whole f r ozen  fry, and 3.3 pg OTC f rom r e f r i g e r a t e d  whole f r y  
(Table 2). Freez ing homogenized f ry  a l s o  produced t h e  lowes t  v a r i a t i o n  
w i t h i n  t h e  subsample group (9% as compared t o  18-25% f o r  t h e  o t h e r  t h r e e  
methods). I n  genera l ,  we found t h a t  f o r  bo th  homogenized and whole f ry  
samples, t h e  recovery  o f  OTC was approx imate ly  1.2 t imes h ighe r  f rom f r y  
s t o r e d  f r o z e n  than from f r y  s t o r e d  r e f r i g e r a t e d ,  and 1.4 t imes h i g h e r  f rom 
homogenized f r y  than  f rom whole fry. Th i s  i s  p robab ly  a  r e s u l t  o f  
inc reased  t i s s u e  su r f ace  area i n  c o n t a c t  w i t h  TCA i n  homogenized f ry,  and 
t he  increased e x t r a c t i o n  o f  OTC f rom c e l l s  r up tu red  d u r i n g  t h e  f r e e z i n g  
process. S ince f r e e z i n g  homogenized f r y  i n  5% TCA r e s u l t e d  i n  bo th  h i g h e r  
and l e s s  v a r i a b l e  recove r i es  of OTC, we used t h i s  method when s t o r i n g  f r y  
and smo l t  samples f o r  l a t e r  l a b o r a t o r y  ana l ys i s .  

Growth o f  Experimental  F r y  

Throughout t h e  s tudy  per iod ,  fry, f i n g e r l i n g s  and smolts were fed a  d i e t  o f  
Oregon M o i s t  Pel l e t  (OMP). Subgroup A  f i s h  were f e d  OTC-medicated OMP f o r  
40 days, w h i l e  subgroup B  f i s h  rece i ved  medicated food  f o r  61 days. Both 
subgroups o f  f i s h  rece i ved  non-medicated OMP a f t e r  cessa t ion  of feeding 
t h e  medicated d i e t .  I n  s p i t e  of t h e  d i f f e r e n t  feeding regimes, we found 
no c o n s i s t e n t  s i z e  d i f f e r e n c e  between subgroup A and subgroup B  f i s h  
(Table 3 ) .  I n  a d d i t i o n ,  we found t h a t  t h e  g r e a t e s t  r a t e  o f  growth (by 
we igh t )  occur red  20-30 days f o l l o w i n g  t h e  appl  i c a t i o n  o f  t h e  medicated d i e t .  
I n  c o n t r a s t ,  we found t h a t  as t h e  r a t e  o f  growth (by we igh t )  decreased, t h e  
r a t e  o f  growth (by l e n g t h )  increased,  reach ing  i t s  h i ghes t  l e v e l  34-46 days 
a f t e r  t h e  i n i t i a t i o n  o f  OTC-feeding. F i n a l l y ,  by t h e  summer o f  1982 (9  
August) ,  t h e  f i n g e r l i n g s  had reached s l i g h t l y  over  one t h i r d  o f  t h e  we igh t  
and n e a r l y  two - th i r ds  of t h e  l e n g t h  o f  t h e  19 J u l y  smol ts  (1983). 

The De tec t i on  o f  Marked Fry  

I n  o u r  s tudy  o f  t h e  uptake and t h e  r e t e n t i o n  o f  OTC by f e d  f ry,  we f i r s t  
used v i s u a l  obse rva t i on  accompanied by u l t r a v i o l e t  (UV)  1  i g h t .  A d e f i n i t e  
ye1 1  ow fl uorescence ( p o s i t i v e  mark) was f i r s t  observed i n  Crooked Creek 
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Figure 4. A comparison of the fluorescence intensity 
over time from OTC fed-fry (stomachs removed) 
stored in 5% trichloroacetic acid (TCA). 
Analysis of variance of the four storage 
techniques showed that oxytetracycline was 

, effectively stabilized in each treatment 
by the presence of TCA. 



Tab le  2. A comparison of t h e  amount o f  o x y t e t r a c y c l i n e  (OTC) 
recovered and t h e  v a r i a b i l i t y  o f  r ecove r i es  from f r y  
s t o r e d  i n  5% t r i c h l o r o a c e t i c  a c i d  us i ng  four  p r e s e r v a t i o n  
techniques.  

Mean Standard 
o x y t e t r a c y c l  i n e  d e v i a t i o n  C o e f f i c i e n t  

Storage recovered o f  sample o f  v a r i a t i o n  
t r ea tmen t  (US)  means ( X  100) 

Homogenized-- 4.5 
r e f r i g e r a t e d  

Homogenized-- 5.6 
f r o z e n  

Who1 e- -  3.3 
r e f r i g e r a t e d  

Whol e- -  
f r o z e n  



Table 3. Crooked Creek Hatchery t e s t  f r y  used i n  the OTC feeding experiment 
showing date sampled, number of OTC feeding days, subgroup, mean 
weight, and mean length. The grea tes t  r a t e  of growth by weight 
occurred from t=20-30 days, while the maximal r a t e  of growth by 
length occurred from t=34-46 days. 

OTC 
feeding time Mean weight Mean length 

Date sampled (days) Subgroup (9 )  (mm)  

1982 
3 June 
9 June 

14 June 
17 June 
21 June 
23 June 
28 June 
2 July 
4 July  
7 July 

12 July 
15 July 

19 July 

27 July 

29 July 

2 Aug 

5 Aug 

9 Aug 

9 May 
19 July 



Hatchery t e s t  f r y  42 days a f t e r  i n i t i a t i o n  of OTC feeding. A t  t h i s  time, 
17% of the f r y  examined exhibited a f luorescing yellowish r ing around t h e i r  
spine. Pr ior  t o  t h i s  date ,  none of the f i sh  examined (n=42) showed evidence 
of residualized f luorescing OTC. The percentage of f i s h  marked gradually 
increased t o  100% a f t e r  54 days ( w i t h  only 40 days of medicated feeding 
followed by 14 days of a non-medicated d i e t )  in subgroup A ,  compared t o  100% 
marking r a t e  in subgroup B f r y  achieved a f t e r  56 successive days on a 
medicated d i e t  (Figure 5 ) .  An external ,  non-residualized mark was a l so  
observed, appearing as a yellowish sheen on the  skin and g i l l s  of the f r y .  

To determine whether an OTC-mark could be f luorometrical ly detected in f r y  
which had not shown any evidence of a mark when exposed t o  U V  l i g h t ,  
skeletons from UV-negati ve Crooked Creek Hatchery f r y  (OTC-treated) were 
analyzed using our chemical procedure. We found t h a t  80% of the f r y ,  which 
had been fed OTC f o r  31 days, were OTC-positive, containing an average OTC 
concentration of 0.66 pg. In con t ras t ,  no evidence of skele ta l  fluorescence 
was observed in any Quartz Creek control f r y ,  although s l i g h t l y  f luorescent  
areas were found in the  stomach of several of these f i sh .  Similar  natura l ly  
occurring f l  uorescent materials  (e.  g. 1 i pids)  were observed by Odense and 
Logan (1974) in At lant ic  salmon (~aZmo s a l a r ) ,  and by Kohn (1961 ) .  

Our  quan t i t a t ive  fluorometric technique was then used t o  analyze samples of 
both medicated and non-medicated f r y ,  f inger l ings ,  and smolts. We found the 
l im i t  of detection of t h i s  technique t o  be 0.17 pg OTC/sample which was then 
used as a c r i t i c a l ,  o r  threshold level above which samples were termed 
OTC-positive (Figure 6 )  (Koenings and Lipton, 1983). The sample mean of 
Crooked Creek Hatchery t e s t  f r y  exceeded the c r i t i c a l  level of 0.17 pg 
OTC 18 days a f t e r  i n i t i a t i o n  of the feeding program, although only 56% of 
analyzed f i s h  were found t o  contain a mark (Figure 6 ) .  However, a f t e r  
29 days of OTC feeding, 100% of the  f i s h  were found t o  have a f luorescent  
mark with the sample mean a t  t h i s  time r i s i ng  t o  1.56 pg OTC/fry. The 
mark pers is ted  in  100% of the f i s h  sampled throughout the  remainder of the  
feeding period. 

In con t ras t ,  the mean value f o r  a l l  non-medicated control f r y  analyzed 
(n=216) was -0.18 pg OTC. In other words, the average fluorescence observed 
in non-medicated control f r y  was lower than the fluorescence of the reagent 
blanks (see  Koenings and Li pton, 1983). Furthermore, we found t h a t  of the 
21 6 control f r y  sampled, only 14 (6.5%) yielded fluorescence readings 
higher than the  threshold level of 0.17 pg OTC/fry. 

Total Body Burden of OTC in  OTC-Treated Fry 

The accumulation and subsequent res idual iza t ion of OTC in fed f r y  was 
determined by holding an experimental group of 5000 f ry  in the  Crooked 
Creek Hatchery following the re lease  of nearly 17 million sockeye f r y  in to  
Tustumena Lake. The experimental f r y  exhibited l i t t l e  detectable  accumu- 
l a t i on  of OTC un t i l  a f t e r  18 days of feeding on the medicated d i e t  (Figure 
6 ) .  In general , the mean concentration of OTC ( t o t a l  body burden) in 
subsamples of f r y  increased as  the  time of medicated feeding increased, 
a t t a in ing  a level of 1.83 pg of OTC/fry a f t e r  40 days of feeding. A t  t h i s  
time, subgroup A f i s h  were placed on a d i e t  of non-medicated food, while 
subgroup B f i s h  continued to  receive OTC-medicated food. 
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Figure 5. The Percentaqe of OTC-fed f ry  found to .be  OTC-positive 
by both fluorometric analyses and by visual observation 
of skeletons under u l t r av io l e t  (LIV) l i g h t .  



After being taken off of the OTC-medicated food, subgroup A fry demon- 
s t rated an exponential decay in the total  body burden of O T C ,  reaching a 
low of 0.49 pg of OTC/fry a t  t=67 days, which was 27 days a f t e r  feeding 
with OTC had ceased. We considered, however, the residualized concentra- 
tion of OTC ( tha t  which i s  held in the bone structure of the f ry )  to  be 
represented by a mean level of 0.64 pg of OTC/fry recovered on the final 
four sampling dates in the summer of 1982 ( i  . e . ,  t=56 through 67 days). 
This plateau was determined by an analysis of variance which showed that  
the levels of OTC contained within the fry during th i s  11-day period to  be 
s t a t i s t i c a l l y  (p>0.05) indistinguishable from one another. This definit ion 
was supported by our subsequent resul ts  from age 1.0 smol t s .  In the sub- 
g roup  B f ry ,  we found that  as feeding with OTC was continued, the mean 
concentration of OTC recovered continued to r i s e .  The highest recorded 
sample mean was 3.08 pg OTC/fry (tx54 days). Thi s level of OTC decreased 
s l ight ly  to  2.5 pg OTC/fish a t  t=60 days, a t  which time feeding with OTC 
was discontinued. In contrast to  subgroup A f ry ,  subgroup B f ry  
demonstrated a relat ively small decrease in OTC concentration following 
cessation of the medicated diet .  

On 8 August 1982, b o t h  groups of f ish were transported to  the U. S.  Fish 
and Wildlife Service Laboratory in Anchorage for  9 months of rearing to  the 
smolt stage. Because of time and distance delays involved in transporting 
samples from Anchorage to  the limnology laboratory for  analysis,  we tested 
whether recovered 1 eve1 s of OTC differed between fresh (non-preserved) f i sh ,  
and f ish stored in 5% TCA. Our resul ts  using subgroup B smolts indicated 
that  there was l i t t l e  difference between the two treatments (Figure 6 ) ,  
leading us to  use f i sh  stored frozen in 5% TCA (stomachs excised) fo r  a 
majority of the smol t samples. 

Finally, the experimental smolts were sampled in the spring of 1983 a t  the 
same time that  smolts of the same brood-year were emigrating from Tustumena 
Lake. We continued to analyze both lo ts  of experimental f ish throughout 
the duration of the smolting period, and found that  the levels of residu- 
al ized OTC determined in the July-August finger1 ings (1982) were present 
in the subsequent smol t s  produced in May-June ( 1  983). That i s ,  a 
residual ized "mark" was retained unique to  each l o t  of f ish through the 
smolt stage (Figure 6) .  

OTC Mark Retention 

Following the discontinuation of feeding with OTC-medicated food, a 
decrease in fluorescence was observed in both subgroups A and B f ry .  
Subgroup A f ry  exhibited an average decrease in fluorescence of 66% over a 
17-day period following cessation of the medication, s tabi l iz ing a t  an 
average level equivalent to  0.64 pg OTC/fry. Fry and fingerlings a t  t h i s  
time weighed an average of 1.0 g .  This mark was then retained in the f ish 
through the winter and spring into the smolt stage. When analyzed in the 
spring and summer of 1983, f ish ( i  . e . ,  age 1.0 smolts) s t i l l  had an average 
of 0.63 pg OTC/smolt, and averaged 3.13 g in weight and 75 mm in length. 
A t  t h i s  time, 91% of the fry tested were s t i l l  found to  demonstrate a 
detectable mark. 
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In contrast  to subgroup A f ry ,  subgroup B f ish exhibited only a s l ight  
decrease in fluorescence a f t e r  feeding was discontinued a t  t=61 days, 
quickly s tabi l iz ing a t  an average level of 2.6 pg OTC/fry (average weight 
of subgroup B fish=l.O g ) .  This level of OTC-induced fluorescence was 
maintained through the winter and spring into the smolt stage, when 100% 
of the f i sh  tested (averaging 2 . 2  g in weight and 66 mm in length) were 
s t i l l  found to have a strong positive mark (2.58 pg OTCIsmol t )  . By 
comparison, wild smolts of the same brood-year emigrating from Tustumena 
Lake during June of 1983 averaged 67 mm in length and 2.7  g in weight. As 
both subgroup A and B smolts were similar in s ize t o  wild smolts, we feel 
that  the experimental f ry and smol t s  served as useful analogs t o  wild 
stocks of the same age class and egg source. 

DISCUSSION 

The total  body burden of OTC in salmon fed OTC-medicated food consists of 
b o t h  residualized and non-residualized ant ibiot ic .  Non-residualized 
fluorescing OTC i s  the amount of an t ib io t ic  complexed with calcium within 
the scales and/or skin of the fry.  Since the calcium in the skin and 
scales has a f a s t e r  turnover time than that  in bone (Fleming 1974), the 
non-residualized OTC in the skin and scales will begin to  disappear fol-  
lowing cessation of OTC-treatment. That i s ,  as the calcium within the skin 
and scales i s  used to  meet the short term metabolic needs of the growing 
f ry ,  the non-bone structures are flushed clear  of OTC. In contrast ,  
residualized OTC i s  the amount of the ant ibiot ic  that  complexes with calcium 
tha t  i s  la id into the bone structure.  The residualized mark will thus 
consist of skeletonized O T C y  and should therefore be retained for  the l i f e  
of the f i sh .  

Evidence of th i s  process can be clearly seen in the resul ts  generated in 
our OTC-feeding experiment. Subgroup A f ish demonstrated an increase in 
fluorescence intensity during the period in which they received medicated 
food. This fluorescence resulted from both residualized and non- 
residualized OTC.  Following discontinuation of the an t ib io t ic ,  a decrease 
in fluorescence occurred resulting from the rapid loss of non-residualized 
O T C ,  This process of non-residualized OTC loss continued for  approximately 
1 7  days. A t  tha t  time, fluorescence values began to  s tab i l ize  a t  a level 
of approximately 0.63 ~g OTC/fish. This concentration, representing the 
permanent residual ized (skeletonized) OTC mark, was then maintained for  a 
year, through the smol t stage, and should be retained for  the 1 i f e  of the 
f i sh .  

Subgroup B f ry  continued t o  receive medicated food for  3 weeks a f t e r  sub-  
group A f ry were placed on a non-medicated d ie t .  Fluorescence intensity 
(resulting once again, from both residual ized and non-residual ized OTC) 
continued t o  increase with OTC-feeding. Following the cessation of 
feeding with O T C ,  l i t t l e  decrease in fluorescence intensity was observed, 
and fluorescence values stabilized a t  approximately 2.6 pg OTCIfingerling. 
This concentration, once again, represents the permanent residual i zed 
OTC that  was retained by the f ish through the smolt stage. 



B o t h  the large difference in the level a t  which the fluorescence intensity 
stabilized in subgroups A and B f ry  and the smaller amount of non- 
residual ized OTC l o s t  ( to ta l  body burdern - residual ized OTC = non- 
residual ized O T C )  in subgroup B f ry  i s  re1 ated to  the age in which the f ry  
received medicated food. As fry grow, the ra te  of calcium deposition 
during formation of the skeleton increases (Fleming 1974). Therefore, the 
younger the f ry ,  the greater the proportion of car t i lage in the skeleton, 
and the smaller the total  amount of calcium deposited. Since oxytetra- 
cycl ine i s  residualized as a calcium-complex, the greater the amount of 
calcium deposited, the greater the amount of OTC that  will be residualized. 
Subgroup A f i sh  were fed to  an average weight of 0.40 g/fry,  whereas 
subgroup B f ry  received food up  t o  the s ize of 1.0 g/fry. Both the rate  
of calcium deposition and the total  amount of calcif ied skeleton was 
therefore greater in subgroup B f ry ,  resulting in a greater amount of OTC 
residualization. Furthermore, a smaller percentage of the total  body 
burden of OTC in subgroup B f ry  was consequently composed of non- 
residualized OTC,  so the re la t ive  amount of OTC l o s t  a f t e r  cessation of 
feeding was smaller. 

The concentration of residualized OTC recovered from treated fry was found 
t o  be to ta l ly  dependent on the length of OTC treatment, rather than being 
caused by a difference in f ish biomass between the two treatment groups. 
That i s ,  OTC induced fluorescence values stabilized in b o t h  subgroups A and 
B when fingerlings from the two subgroups were almost exactly the same size 
i . e . ,  average weight of 1.0 g for  both groups, yet the level of s table ,  
residualized OTC recovered from the two subgroups was f a r  greater in 
subgroup B fingerl ings and smolts (0.64 ~g OTC/individual in subgroup A 
compared t o  2.6 ,ug OTC/individual in subgroup B) .  Thus, the observed 
difference in OTC 1 eve1 between the two subgroups reflected the additional 
21 days that  subgroup B was on OTC-medicated food. As such, we were able 
t o  generate a quantifiably distinguishable mark which could be used to  
different i  a te  between groups of f ry ,  fingerl ings, and smol t s  fed medicated 
food for  different  lengths of time. Our ab i l i t y  t o  distinguish between any 
two (or more) different ly treated groups of OTC-positive f i sh  f a r  exceeds 
the scope of the visual technique. 

A residualized mark in 100% of the Crooked Creek Hatchery t e s t  f ry  could 
n o t  be detected using the technique of visual observation under UV l igh t  
until 54 consecutive days of feeding, whereas, using the fluorometric 
procedure, a detectable mark was achieved in 100% of the fry a f t e r  only 
29 days. This clearly demonstrates the heavier OTC loading of rearing f ry  
that  would be required t o  achieve a detectable mark i f  visual observation 
techniques were used. In addi t i  on,  f l  uoresci ng materi a1 s observed in the 
stomachs of known negative fry indicate the presence of naturally existing 
biological materials that  could be interpreted as fluorescing OTC, thereby 
confusing the issue of mark detection. Finally, the visual detection of a 
100% mark in subgroup A f ish a t  54 days, and in subgroup B f ish a t  56 days 
i s  n o t  consistent with the quantitative data obtained for  these fry samples. 
Subgroup B f i sh  contained a f a r  greater concentration of OTC than subgroup 
A f i sh ,  while a 100% mark was achieved 2 days ea r l i e r  in subgroup A f ish 
than in subgroup B .  Also inconsistent with the quantitative resul ts  
obtained, was the detection of a 100% mark in subgroup A f ry  a t  t=54 days, 





and coded microwire tagging. The method could, in f ac t ,  be used to  answer 
questions about b o t h  f in  regeneration and the level of different ial  
mortality associated with adipose f in  clipping; currently the most common 
method used to  identify salmon stocks. 
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